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1. Introduction 
Rising fossil fuel prices associated with growing demand for energy, and environment 
concerns are the key factors driving strong interest in renewable energy sources, particular in 
biofuel. Biofuel refers to any type of fuel whose energy is derived from plant materials. Biofuel 
which includes solid biomass, liquid fuels and various biogases is among the most rapidly 
growing renewable energy technologies in recently. Biofuels are commonly divided into two 
groups based on the technology maturity which using the terms “conventional” and 
“advanced” for classification. Conventional biofuel technologies include well-established 
processes that are already producing biofuels on a commercial scale. These biofuels, 
commonly referred to as first-generation, include sugar- and starch-based ethanol, oil-crop 
based biodiesel and straight vegetable oil, as well as biogas derived through anaerobic 
digestion. First generation biofuel processes are useful but limited in most cases: there is a 
threshold above which they cannot produce enough biofuel without threatening food supplies 
and biodiversity. Whereas, advanced biofuel technologies are extensions from conventional 
technologies which some are still in the research and development (R&D), pilot or 
demonstration phase and they are commonly referred to as second- or third-generation. This 
category includes hydrotreated vegetable oil (HVO), which is based on animal fat and plant 
oil, as well as bioethanol based on lignocellulosic biomass, such as cellulosic-ethanol. Although 
there are wide varieties of advanced biofuels conversion technologies exists today, but they are 
not commercially available yet. Nevertheless, the most commercializable technology and most 
used biofuel on the global market is bioethanol. 
2. Bioethanol  
Bioethanol is chemically known as ethyl alcohol (C2H5OH) and produced from fermentation 
of fermentable sugars (i.e. glucose, sucrose, etc.) from plant sources using micro-organisms 
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(yeasts or bacteria). Bioethanol is a clear colourless liquid, it is biodegradable, low in toxicity 
and causes little environmental pollution if spilt. In the 1970s, Brazil and the United States 
(US) started mass production of bioethanol grown from sugarcane and corn respectively. 
Current interest in bioethanol lies in production derived from lignocellulosic biomass. The 
most common usage of bioethanol is to power automobiles through mixed with petrol. It 
can be combined with gasoline in any concentration up to pure ethanol (E100). Anhydrous 
ethanol, that is, ethanol with at most 1% water, can be blended with gasoline in varying 
quantities to reduce consumption of petroleum fuels and in attempts reduce air pollution. 
Bioethanol burns to produce carbon dioxide (CO2) and water. In addition to that, the use of 
bioethanol is generally CO2 neutral. This is achieved because in the growing phase of the 
plant sources, CO2 is absorbed by the plant and oxygen is released in the same volume that 
CO2 is produced in the combustion of the fuel. This creates an obvious advantage over fossil 
fuels which only emit CO2 as well as other poisonous emissions [1]. 
Blending bioethanol with gasoline help to reduce green house gases (GHG) emissions by 
oxygenate the fuel mixture so it burns more completely. On a life cycle basis, ethanol 
produced from corn results in about a 20 percent reduction in GHG emissions relative to 
gasoline. With improved efficiency and use of renewable energy, this reduction could be as 
much as 52 percent. In near future, bioethanol produced from cellulose has the potential to 
cut life cycle GHG emissions by up to 86 percent relative to gasoline as reported in EPA’s 
Emission Facts [2]. 
3. Bioethanol in use 
About 75% of bioethanol produced in the world being used to power automobiles, though it 
may be used for gasoline additives and other industries such as paints and cosmetics. 
Ethanol fuel blends are widely sold in the United States, Brazil, Europe and China. The most 
common blend is 10% ethanol and 90% petrol (E10). Vehicle engines require no 
modifications to run on E10 and vehicle warranties are unaffected also. However, only 
flexible fuel vehicles can run on up to 85% ethanol and 15% petrol blends (E85). Since 1976 
the Brazilian government has made it mandatory to blend ethanol with gasoline with 5% 
ethanol and 95% petrol, and in 2007 the legal blend is around 25% ethanol and 75% gasoline 
(E25). Today, bioethanol contribute around 3% of total road transport fuel globally (on an 
energy basis) and considerably higher shares are achieved in certain countries [3]. The usage 
of bioethanol as transport fuel will be even more as the recent European Commission energy 
roadmap has set a target to increase the use of biofuels for transport from 5.75% from 2010 
to 10% by 2020 under the Directive 2003/30/EC.  
Bioethanol is also used as primarily gasoline additive and extender due to its high-octane 
rating. Bioethanol replacing lead as an oxygenate additive for traditional petrols in the form 
of Ethyl tertiary butyl ether (ETBE). The ethanol is mixed with isobutene (a non-renewable 
petroleum derivative) to form ETBE. At a 10% mixture, ethanol reduces the likelihood of 
engine knock, by raising the octane rating. 
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Beside the usage of bioethanol in fuel industry, bioethanol also can serve a wide range of 
uses in the pharmaceuticals, cosmetics, beverages and medical sectors as well as for 
industrial uses. The market potential for bioethanol is therefore not just limited to transport 
fuel or energy production but has potential to supply the existing chemicals industry. These 
include for use in acetaldehyde (raw material for other chemicals e.g. binding agent for 
paints and dyes), acetic acid (raw material for plastics, bleaching agent, preservation), 
ethylacetate (paints, dyes, plastics, and rubber), detergents, thermol (cold medium for 
refrigeration units and heat pumps), solvent for spirits industry, cosmetics, print colours 
and varnish, isopropyl alcohol (IPA), ethyl acetate (EAC), WABCO-antifreeze (disinfectant, 
cleaning agent for electronic devices, solvents) and vinasse, potassium sulphate (feeding 
stuffs, fertilizer). 
4. Bioethanol technology 
Bioethanol can be produced either from conventional or advance biofuel technologies 
depending on the state of sugars polymerization. The predominant technology for 
producing bioethanol is through fermentation of sucrose from sugar crops such as 
sugarcane, sugar beet and sweet sorghum. Bioethanol produced from sugar or starchy 
materials is categorize under the conventional technology and the bioethanol so called first 
generation bioethanol. Whereas, at present, much focus is on the bioethanol produced from 
biomass that possesses lignocellulosic content. This second generation bioethanol or 
cellulosic ethanol could be produced from abundant low-value material, including wood 
chips, grasses, crop residues, and municipal waste.  
Regardless of the bioethanol technologies used to produce bioethanol, the bioethanol 
process have to undergo several treatment steps in which normally involves pre-treatment, 
extraction of fermentable sugars and fermentation. Pre-treatment process mainly deals with 
the preparation of the feedstock into smaller size (higher surface to volume ratio) for ease of 
sugars extraction. Whereas, extraction process with the aim of transforming the various 
sugars polymer chains into simple fermentable sugars. Fermentation process is a biological 
process in which fermentable sugars are converted into cellular energy and thereby produce 
ethanol and carbon dioxide as metabolic waste products in the absence of oxygen (anaerobic 
process) using Saccharomyces cerevisiae. The theoretical yield of bioethanol is 0.51 g per one 
gram of glucose consumed during fermentation. 
5. Bioethanol conversion yield  
Commercial production of bioethanol deals with the biotechnological production from 
different feedstock. The selection of the most appropriate feedstock for ethanol production 
strongly depends on the local conditions. Due to the agro-ecological conditions, North 
American and European countries have based their ethanol industry on the starchy 
materials. In Brazil, sugarcane is the main feedstock for bioethanol production. World 
production of ethanol (all grades) in 2010 was nearly 70 billion litres (IEA, 2010). Although 
many countries produce ethanol from a variety of feedstocks, Brazil and the United States 
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are the major producers of ethanol in the world, each accounting for approximately 35 
percent of global production [4]. 
The theoretical yield of ethanol from sucrose is 163 gallons of ethanol per tonne of sucrose. 
Factoring in maximum obtainable yield and realistic plant operations, the expected actual 
recovery would be about 141 gallons per tonne of sucrose [5]. Using [6],[7] and [8] reports, 
average sugar recovery rates, one tonne of sugarcane would be expected to yield 70 L of 
ethanol and one tonne of sugar beets would be expected to yield 100 L of ethanol. One tonne 
of molasses, a byproduct of sugarcane and sugar beet processing, would yield about 260 L 
of ethanol. Corn had the highest ethanol yield per tonne feedstock (403 L/t), followed by 
wheat with 350 L/t [9]. A lower ethanol yield per tonne of feedstock was obtained for 
cassava compared to corn. The ethanol yield from starchy materials were basically higher 
than sugar containing material because of the higher amount of fermentable sugars 
(glucose) that may be released from the original starchy material [10].  
The conversion of sugar containing material into bioethanol is easier compared to starchy 
materials and lignocellulosic biomass because previous hydrolysis of the feedstock is not 
required since this disaccharide can be broken down directly by the yeast cells [11]. 
Therefore, using raw sugar as a feedstock, one tonne would yield 500 L of ethanol while 
refined sugar would yield 530 L ethanol. Molasses, from either sugarcane or sugar beets, 
was found to be the most cost competitive feedstock. The table below summarizes the 
estimated ethanol production yield and conversion efficiency from starchy and sugar 
containing materials from all over the world, as well as research ethanol yield produced 
from lignocellulosic biomasses. 
Bioethanol is currently produced from raw materials such as sugar cane, or beet or starch 
from cereals. Recent interest was on the low cost and abundant availability of lignocellulosic 
biomass as the potential feedstock for bioethanol production. Lignocellulosic biomass which 
includes agricultural and forestry residues and waste materials, has the advantage of 
providing a greater choice of potential feedstock that does not conflict with land-use for 
food production, and that will be cheaper than conventional bioethanol sources. Many 
researchers from around the world are now working on transforming lignocellulosic 
biomass such as straw, and other plant wastes, into "green" gold - cellulosic ethanol. 
Cellulosic ethanol, a fuel produced from the stalks and stems of plants (rather than only 
from sugars and starches, as with corn ethanol), is starting to take root in the United States. 
The bioconversion of lignocellulosic biomass to monomeric sugars is harder to accomplish 
than the conversion of starch, presently used for bioethanol production. However, many 
countries are making efforts to utilize these lignocellulosic biomasses into ethanol; Sweden, 
Australia, Canada and Japan are planning to invest into lignocellulosic ethanol mill [21]. The 
highest ethanol yield from lignocellulosic materials was obtained using switchgrass, 201 L/t 
with 80% conversion efficiency. Ballesteros et. al [20] studied on ethanol conversion using 
woody material such as Populus nigra and Eucalyptus globule found that the yield of 145 L/t 
and 137 L/t feedstock and conversion efficiency ranging 59% - 64% was observed. The 
conversion efficiency for lignocellulosic materials was lower than the conversion efficiency 
obtained from sugar-containing material and starchy material. 
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Feedstock 
Sugar 
convertible 
materials (%)
EtOH yield (L/t)
Conversion 
efficiency 
(%) 
Source 
Actual 
ethanol 
yield 
Theoretical 
ethanol yield
Sugar 
containing 
materials 
Sugar cane 
juice(80% 
MC) 
12 70 78 90 [6]; [7] 
Sugar beet 
(75% MC) 
18 100 116 86 [8] 
Starchy 
materials 
Cassava  
(40% MC) 
32 178 207 86 [12] 
Sweet 
sorghum 
(14% MC) 
15 80 97 82 [13] 
Wheat 
(14% MC) 
66 350 427 82 [14] 
Corn 
(15% MC) 
70 403 452 89 [15] 
Lignocellulosic 
biomass* 
Cane 
bagasse 
33 140 213 66 [16] 
Wheat straw 36 140 233 60 [17] 
Corn stalk 35 130 226 63 [18] 
Switchgrass 39 201 252 80 [19] 
Populus nigra 35 151 226 64 [20] 
Eucalyptus 
globulus 
36 138 232 59 [20] 
Brassica 
carinata 
33 128 213 60 [20] 
* Note: Sugar convertible materials are referred as cellulose content. 
Table 1. Comparative indexes for three main types of bioethanol feedstocks 
The selection of the feedstock is in concordance with the interests of each country based on 
their availability and low cost. Because feedstocks typically account for greater than one-
third of the production costs, maximizing the bioethanol yield is imperative [22].  
6. Bioethanol from lignocellulosic biomass 
Second generation bioethanol which made from lignocellulosic biomass or woody crops, 
agricultural residues or waste is considered a future replacement for the food crops that are 
currently used as feedstock for bioethanol production. Technology for producing bioethanol 
from biomass is moving out of the laboratory and into the commercial place. Breakthroughs 
in bioethanol technology in the past decade has lead to commercialization of biomass 
conversion technology. In U.S alone, Six companies were listed by the U.S Environmental 
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Protection Agency (EPA) as cellulosic ethanol producers, and their combined anticipated 
production volume is 8 million ethanol-equivalent gallons for coming years [23]. The six 
companies are DuPont Danisco Cellulosic Ethanol LLC, Fiberight LLC, Fulcrum Bioenergy 
Inc., Ineos Bio, KL Energy Corp. and ZeaChem Inc. In April 2011, Mossi & Ghisolfi Group 
(M&G) (Chemtex) commenced construction of a commercial-scale 13 million gallons/year 
(50 million liters) cellulosic ethanol production facility in Crescentino, Italy. Beside that, 
there is Abengoa Company, which has a 5m litre/year demonstration plant at Salamanca, 
Spain. In October 2010, Norway-based cellulosic ethanol technology developer Weyland 
commenced production at its 200,000 liter (approximately 53,000 gallon) pilot-scale facility 
in Bergen, Norway. In Asia, Nippon Oil Corporation and other Japanese manufacturers 
including Toyota Motor Corporation plan to set up a research body to develop cellulose-
derived biofuels. The consortium plans to produce 250,000 kilolitres (1.6 million barrels) per 
year of bioethanol by March 2014. In China, cellulosic ethanol plant engineered by SunOpta 
Inc. and owned and operated by China Resources Alcohol Corporation that is currently 
producing cellulosic ethanol from corn stover (stalks and leaves) on a continuous, 24-hour 
per day basis. 
6.1. Process 
Various process configurations are possible for the production of bioethanol from 
lignocellulosic biomass, the most common method for bioethanol conversion technology 
from lignocellulosic biomass involves three key steps:  
Pre-treatment : During biomass pre-treatment lignocellulosic biomass is pre-treated with 
acids or enzymes in order to reduce the size of the feedstock and to open up the plant 
structure. Normally, the structure of cellulosic biomass is altered; lignin seal is broken, 
hemicelluloses is reduced to sugar monomers, and cellulose is made more accessible to the 
hydrolysis that convert the carbohydrates polymers into fermentable sugars. 
Hydrolysis: This is a chemical reaction that releases sugars, which are normally linked 
together in complex chains. In early biomass conversion processes, acids were used to 
accomplish this. Recent research has focused on enzyme catalysts called “cellulases” that 
can attack these chains more efficiently, leading to very high yields of fermentable sugars. 
Although the decomposition of the material into fermentable sugars is more complicated, 
the fermentation process step is basically identical for bioethanol from either food crops or 
lignocellulosic biomass. 
Fermentation : Microorganisms that ferment sugars to ethanol include yeasts and bacteria. 
Research has focused on expanding the range and efficiency of the organisms used to 
convert sugar to ethanol. 
6.1.1. Pre-treatment 
The aim of the pretreatment is to break down the lignin structure and disrupt the crystalline 
structure of cellulose for enhancing acid or enzymes accessibility to the cellulose during 
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hydrolysis step [24],[25]. Lignocellulosic biomass consists of three major components; 
Cellulose, hemicellulose and lignin and are in the form of highly complex lignocellulosic 
matrix. Depending on type of lignocellulosic biomass, the lignin content varies from about 
10 – 25%, the hemicelluloses content from about 20 – 35% and the cellulose content from 
about 35 – 50%. Lignin is a polymer of phenyl propanoid units interlinked through a variety 
of non-hydrolysable C - C and C-O-C bonds. It therefore is a complex molecule with no clear 
chemical definition as its structure varies with plant species. Hemicellulose is an amorphous 
heterogenous group of branched polysaccharides. Its structure is characterised by a long 
linear backbone of one repeating sugar type with short branched side chains composed of 
acetate and sugars. Cellulose is a linear molecule consisting of repeating cellobiose units 
held together by Beta- glycosidic linkages. Cellulose is more homogeneous than 
hemicellulose but is also highly crystalline and highly resistant to depolymerisation. The 
three components of lignin, hemicellulose and cellulose are tightly bound to each other in 
the biomass. In fact hemicellulose acts as a bonding agent between cellulose and lignin. In 
order to convert this biomass to fuel ethanol, the biomass has to be broken up into the 
individual components first before the molecular chains within each component can be 
broken up further into simpler molecules.  
6.1.2. Hydrolysis 
Once the celluloses disconnect from the lignin, acid or enzymes will be used to hydrolyze 
the newly freed celluloses into simple monosaccharides (mainly glucose). There are three 
principle methods of extracting sugars from sugars. These are concentrated acid hydrolysis, 
dilute acid hydrolysis and enzymatic hydrolysis.  
6.1.2.1. Concentrated acid hydrolysis process 
The primary advantage of the concentrated acid process is the potential for high sugar 
recovery efficiency [18]. It has been reported that a glucose yield of 72-82% can be achieved 
from mixed wood chips using such a concentrated acid hydrolysis process [26]. In general, 
concentrated acid hydrolysis is much more effective than dilute acid hydrolysis [27]. 
Furthermore, the concentrated-acid processes can operate at low temperature (e.g. 40ºC), 
which is a clear advantage compared to dilute acid processes. However, the concentration of 
acid used is very high in this method (e.g. 30-70%), and dilution and heating of the 
concentrated acid during the hydrolysis process make it extremely corrosive. Therefore, the 
process requires either expensive alloys or specialized non-metallic constructions, such as 
ceramic or carbon-brick lining. The acid recovery is an energy-demanding process.  
Despite the disadvantages, the concentrated acid process is still of interest. The concentrated 
acid process offers more potential for cost reductions than the dilute sulfuric acid process 
[28]. The concentrated acid hydrolysis process works by adding 70-77% sulfuric acid to the 
pre-treated lignocellulosic biomass. The acid is added in the ratio of 1.25 to 1.5 acid to 1 
lignocellulosic biomass and the temperature is controlled at 40-60oC. Water is then added to 
dilute the acid to 20-30% and the mixture is again heated to 100oC for 1 hour. The gel 
produced from this mixture is then pressed to release an acid sugar mixture. The acid is then 
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recovered partly by anion membranes and partly in the form of H2S from anaerobic waste 
water treatment. The process was claimed to have a low overall cost for the ethanol 
produced [29].  
6.1.2.2. Dilute acid hydrolysis 
Dilute acid hydrolysis process is similar to the concentrated acid hydrolysis except using 
very low concentration of sulfuric acid at higher cooking temperature. Biomass is treated 
with dilute acid at relatively mild conditions which the hemicelluose fraction is hydrolyzed 
and normally higher temperature is carried out for depolymerisation of cellulose into 
glucose. The highest yield of hemicellulose derived sugars were found at a temperature of 
190°C, and a reaction time of 5 – 10 min, whereas in second stage hydrolysis considerably 
higher temperature (230 °C) was found for hydrolysis of cellulose [30]. 
6.1.2.3. Enzymatic hydrolysis  
The enzymatic hydrolysis reaction is carried out by means of enzymes that act as catalysts to 
break the glycosidic bonds. Instead of using acid to hydrolyse the freed cellulose into 
glucose, enzymes are use to break down the cellulose in a similar way. Bacteria and fungi 
are the good sources of cellulases, hemicellulases that could be used for the hydrolysis of 
pretreated lignocellulosics. The enzymatic cocktails are usually mixtures of several 
hydrolytic enzymes comprising of cellulases, xylanases, hemicellulases and mannanases. 
6.1.3. Fermentation process 
The hydrolysis process breaks down the cellulostic part of the biomass into glucose 
solutions that can then be fermented into bioethanol. Yeast Saccharomyces cerevisiae is added 
to the solution, which is then heated at 32oC. The yeast contains an enzyme called zymase, 
which acts as a catalyst and helps to convert the glucose into bioethanol and carbon dioxide. 
Fermentation can be performed as a batch, fed batch or continuous process. For batch 
process, the fermentation process might takes around three days to complete. The choice of 
most suitable process will depend upon the kinetic properties of microorganisms and type 
of lignocellulosic hydrolysate in addition to process economics aspects. 
The chemical reaction is shown below:  
6 12 6 2 2 5 2 2
( cos ) ( )
Zymase
Catalyst
C H O C H OH CO
Glu e Bioethanol Carbon dioxide
   
6.2. Current development in cellulosic bioethanol 
At present, much focus is on the development of methods to produce higher recovery yield 
bioethanol from lignocellulosic biomass. This can be done through two methods; (1) use of 
pre-treatment to increase the readiness of lignocellulosic biomass for hydrolysis. (2) increase 
the conversion yield of lignocellulosic biomass into bioethanol through simultaneous 
fermentation of glucose and xylose into bioethanol.  
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As mentioned, one barrier to the production of bioethanol from biomass is that the sugars 
necessary for fermentation are trapped inside the lignocellulosic biomass. Lignocellulosic 
biomass has evolved to resist degradation and to confer hydrolytic stability and structural 
robustness to the cell walls of the plants. This robustness is attributable to the crosslinking 
between the polysaccharides (cellulose and hemicellulose) and the lignin via ester and ether 
linkages. Ester linkages arise between oxidized sugars, the uronic acids, and the phenols 
and phenylpropanols functionalities of the lignin. The cellulose fraction can be only 
hydrolysed to glucose after a pre-treatment aiming at hydrolytic cleavage of its partially 
crystalline structure. A number of pre-treatment methods are now available – steam 
explosion, dilute acid pre-treatment [31] and hydrothermal treatment [32]. Hydrothermal 
treatment prevent the degradation of cellulose content inside the lignocellulosic biomass 
during pre-treatment because hydrothermal can be performed without addition of 
chemicals and oxygen to the lignocellulosic biomass. Hydrothermal treatment involves two 
process where during the first process, lignocelluosic biomass was soaked in water at 80 °C 
to soften it before being treated in the second process with higher temperature at 190–200°C.  
Another way to increase the recovery yield of bioethanol from lignocellulosic biomass is to 
convert every bit of biomass into bioethanol. This means using all the available sugars from 
cellulose and hemicelluose and fermented into bioethanol. Lignocellulosic biomass have 
high percentage of pentoses in the hemicellulose, such as xylose, or wood sugar, arabinose, 
mannose, glucose and galactose with majority sugar in hemicelluloses is xylose which 
account more than 90% present. Unlike glucose, xylose is difficult to ferment. This meant 
that as much as 25% of the sugars in biomass were out of bounds as far as ethanol 
production was concerned. At the moment, research shows that steam explosion or mild 
acid treatment performed under adequate temperature and time of incubation, render 
soluble the biomass hemicellulose part with the formation of oligomers and C5 sugars that 
are easily extracted from the biomass. The C5 sugar stream can be individually fermented to 
ethanol by microorganisms such as E.coli, Pichia stipitis and Pachysolen , that are able to 
metabolise xylose, or be used as carbon source in a variety of other fermentative processes 
[33]. 
7. Bioethanol from lignocellulosic biomass - Malaysia perspective 
Malaysia formulated the National Biofuel Policy with envisions to put the biofuel as one of 
the five energy sources for Malaysia, enhancing the nation's prosperity and well being. This 
is in line with nation’s Five-Fuel Diversification Policy, a national policy to promote 
renewable energy (RE) as the fifth fuel along with fossil fuels and hydropower. The National 
Biofuel Policy was implemented in March 2006 to encourage the production of Biofuels, 
particularly biodiesel from palm oil, for local use and for export. However, in 2007, the 
Government has announced that the implementation of the whole biodiesel project has been 
put on hold indefinitely owing to the current high price of refined, bleached and deodorized 
palm olein. 
Recently, the Government of Malaysia launched new strategy to promote the biofuel 
through the National Biomass Strategy 2020 on year 2011. The aim of National Biomass 
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Strategy 2020 is to create higher value-added biomass economic activities that contribute 
towards Malaysia’s gross national income (GNI) and creating high value jobs for the benefit 
of Malaysians. This Strategy outline the production of bioethanol produced from 
lignocellulosic biomass particularly the oil palm biomass as a starting point with extended 
to include biomass from other sources such as wood waste. The palm oil sector 
correspondingly generates the largest amount of biomass, around 80 million dry tonnes in 
2010. This is expected to increase to about 100 million dry tonnes by 2020, primarily driven 
by increases in plantation area. A conservative estimation of utilising an addition 20 million 
tonnes of oil palm biomass for bioethanol has the potential to contribute significantly to the 
nation’s economy while at the same time reduce the green house gasses emission. 
The National Biomass Strategy 2020 proposes a mandate of bioethanol blending of 10 
percent in petrol fuel in Malaysia by 2020 to cut down the green house gasses emissions. 
This would generate a domestic demand for one million tonnes of bioethanol per annum 
with the first bioethanol from lignocellulosic biomass plant is expected to be commercially 
viable between 2013 and 2015 [34]. As a result, much attention has been focuses on 
generating bioethanol from oil palm biomass and wood waste.  
As mentioned early, bioethanol utilization as automobile fuel is especially promising as the 
United States, Brazil and Europe has introduced. However, low-cost supply associated with 
high bioethanol yield of the bioethanol is indispensable for its wide use. The discussion of 
economic feasibility of bioethanol production from lignocellulosic biomass in Malaysia in 
this paper was based on the experimental data through laboratory worked done by [35] and 
[36] and comparison was made with sugarcane and corn. 
7.1. Experiment data 
Optimum cellulose conversion to glucose with the hydrolysis efficiency of 82%, 67% and 
66% for oil palm trunk, rubberwood and mixed hardwood, respectively obtained using two-
stage concentrated sulfuric acid hydrolysis at elevated temperature using 60% sulfuric acid 
treated in a water bath with a temperature of 60°C for 30 min at the first stage hydrolysis 
and subsequently subjected to 30% sulfuric acid at 80°C for 60 min at the second stage [36]. 
As stated in the study by [35], optimum fermentation parameters for lignocellulosic 
hydrolysates using Saccharomyces cerevisae was obtained using 33.2°C and pH 5.3 with the 
fermentation efficiency of 80%, 85% and 90% for oil palm trunk, rubberwood and mixed 
hardwood, respectively. The optimum cellulose conversion and fermentation efficiency 
were used to calculate the actual ethanol yield per tonne (L/t) and the conversion efficiency 
of lignocellulosic biomass. The conversion efficiency was calculated in percentage of actual 
yield over the theoretical yield. The theoretical yield was calculated in assumptions that all 
the cellulose was converted to glucose and further converted to ethanol theoretical yield 
(51%) in 100% conversion rate. Using the cellulose conversion and fermentation efficiencies, 
the actual ethanol yields per tonne lignocellulosic biomass can be calculated for 
lignocellulosic biomass as the equation below:  
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 
 
1000 kg  x cellulose content x actual hydrolysis efficiencyEthanol yield in
liter per tonne of x ethanol theoretical yield 0.51  x actual fermentation
feedstock L/t efficiency  / 0
[
=
( ) ] .789
 
(Note: Ethanol has a density of 0.789 kg/L) 
The results of bioethanol yield per tonne for oil palm trunk, rubberwood and mixed 
hardwood and their conversion efficiencies were presented in Table 2. 
 
 Oil palm trunk Rubberwood Mixed hardwood 
Celulose content 0.48 0.56 0.56 
Hydrolysis efficiency 0.82 0.67 0.66 
Ethanol theoretical yield  
at 100% fermentation efficiency 
0.51 0.51 0.51 
Actual fermentation efficiency 0.80 0.85 0.90 
Actual Ethanol  
Yield/tonne of dried raw materials 
204 L 206 L 215 L 
Theoretical Ethanol Yield/tonne of 
dried raw materials 
310 L 362 L 361 L 
Total Ethanol Conversion efficiency 66% 57% 60% 
Table 2. Ethanol Yield Per Tonne of Feedstock And The Ethanol Conversion Efficiency 
As shown from the Table 2, using the same amount of feedstock, mixed hardwood 
produced slightly higher in volume of bioethanol (215 L/t) compared to oil palm trunk and 
rubberwood with the ethanol yield per tonne of 204 L/t and 206L/t, respectively. The volume 
of bioethanol produced using oil palm trunk, rubberwood and mixed hardwood per metric 
tones of dry weight basically were higher than those reported by [20] as shown in Table 1. 
The highest conversion efficiency was obtained from oil palm trunk (66%), followed by 
mixed hardwood (60%) and rubberwood (57%).  
If bioethanol yield per tonne feedstock values are taken into consideration, the three 
lignocellulosic biomass studied was higher than most of the comparing feedstock. The 
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three lignocellulosic biomass ethanol yields per tonne of feedstock were much higher 
than sugarcane, sugarbeet and cassava. This could be explain by the high moisture 
content of the sugarcane, sugarbeet and cassava implies the use of a greater amount of 
feedstock to reach the same sugar content that may released from the lignocellulosic 
material. However, lower bioethanol yield per tonne feedstock of the studied 
lignocellulosic biomass was found to be lowered than those wheat and corn feedstocks. 
This is due to the higher glucose convertible substance in the wheat and corn which 
contributed to higher ethanol yield. Overall, the conversion efficiency for the studied 
lignocellulosic biomass was lower than sugar containing material and starchy material. 
This showed how critical the hydrolysis and fermentation efficiency of the lignocellulosic 
biomass contributed to a higher ethanol yield to make it comparative with these 
commercial feedstocks. The three lignocellulosic biomass used in this study in terms of 
ethanol yield per tonne feedstock were found to be comparable with the results obtained 
from the lignocellulosic biomass obtained from other studies and conversion efficiency 
(Table 1). The studied lignocellulosic biomass contained higher amount of cellulose as 
the glucose convertible material. Therefore, this may contributed to higher ethanol yield 
per tonne of feedstock.  
7.2. Economic feasibility of bioethanol  
The cost of biethanol per litre presented here mainly calculated from the cost of raw 
materials used; i.e. lignocellulosic biomass and sulfuric acid and processing cost. Fixed 
operating costs are excluded from this calculation. Fixed operating costs including labour 
and various overhead items are fully incurred regardless of the operating production 
capacity and their contribution to the total cost of bioethanol is estimated at 15 to 18%. [37] 
stated that cost of biomass contribute almost 60% to the total production cost which is the 
highest contributor to the cost of bioethanol. Therefore, the main focus here is to estimate 
the effect of raw materials price on the cost of bioethanol.  
7.2.1. Cost of lignocellulosic biomass 
Assessing the various costs of mobilising lignocellulosic biomass today which include 
harvesting, collection, pre-processing, substitution and transportation to a downstream hub, 
the order of biomass can be mobilised at globally competitive costs, i.e., at a cost of less than 
RM 250 per dry-weight tonne. The distance of transportation should be less than 100km in 
radius from the collection area.  
7.2.2. Cost of sulfuric acid and recovery charge 
The sulfuric acid is sells at RM 264 per tonne. By far, sulfuric acid is the largest expenditure 
of raw materials in the process of making bioethanol from lignocellulosic biomass. 
Nonetheless, the current technology enable the acid-sugar solution from hydrolysis 
separated into acid and sugar components by means of chromatographic separation using 
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commercial available ion exchange resins to separate the components without diluting the 
sugar. The separated sulfuric acid is recirculated and reconcentrated to the level required by 
the decrystallization and hydrolysis steps. Using this technology almost up to 100% of the 
sulfuric acid can be recovered from the process.  
7.2.3. State of art scenario 
The state of art scenario presented here makes use of the conversion rates from the 
experiment data (Table 2). Approximately, 200 L of bioethanol yields per dry tones of 
lignocellulosic biomass and anticipated prices of RM 250 per dry tones of lignocellulosic 
biomass and RM 264 per tones of 60% concentrated sulfuric acid. The feedstock cost for one 
litre of bioethanol produced using either from oil palm trunk or wood wastes is estimated at 
about RM 1.25/litre. The production cost for one litre bioethanol from lignocellulosic 
biomass is estimated at RM 0.26 with the hydrolysis cost contributed RM 0.20 based on the 
sulfuric acid is added at a ratio of 5:1 (acid: dry weight of biomass) with acid lost in the 
sugar stream is not more than 3% during recovery (97% recoverable). Fermentation cost 
contributed RM 0.06 with the yeast would be grown at the site without cultivation process 
[38]. Therefore, the total cost per litre of bioethanol produced is RM 1.51 excluding capital 
and fixed variable costs. However, without the recovery of sulfuric acid during hydrolysis, 
the cost of bioethanol from lignocellulosic biomass would be rose up to RM7.85, excluding 
capital and fixed variable costs. With ethanol prices now at RM 2.10 per litre, it is possible 
for the Malaysia to produce the bioethanol from oil palm trunk and wood wastes, yet it 
would be not profitable to produce ethanol from lignocellulosic biomass without using the 
recovery system for sulfuric acid during hydrolysis. 
The table below shows different scenario on the biomass feedstock and bioethanol yield that 
might affect the cost of bioethanol in Malaysia. The scenarios were based on 97% sulfuric 
acid recovered during hydrolysis and no change on the cost of fermentation production.  
Scenario Analysis : 
The economic feasibility of bioethanol production in Malaysia from lignocellulosic biomass 
is highly dependent on the feedstock cost and recovery yield. The cost of feedstock 
contributed approximately 80% (excluding capital and fixed variable costs) to the total 
bioethanol cost when the feedstock price estimated at RM 250 per dry weight ton. As the 
feedstock price increase 5% to 15% per dry ton, the cost of bioethanol increased from as low 
as 4% up to almost 13%. Higher recovery yield from the bioethanol process will surely 
reduce the cost of bioethanol produced per litre when the cost of feedstock remains the 
same. However, as the conversion yield of bioethanol decrease from 200 L per dry weight 
ton of biomass, the cost of biothenol per litre increase from 5% up to 17%.  
Like corn in the United States and sugarcane in Brazil, the relatively low feedstock cost will 
only makes this process economically competitive. The cost of producing ethanol from 
sugarcane in Brazil is estimated at about RM 0.60 per litre, excluding capital costs. U.S. 
ethanol conversion rates utilizing corn as the feedstock are estimated at approximately 2.65 
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gallons of ethanol per bushel for a wet mill process and 2.75 gallons per bushel for a dry mill 
process. Net feedstock costs for a wet mill plant are estimated at about RM 0.30 per litre 
with total ethanol production costs estimated at RM 0.76 per litre. Net feedstock costs for a 
dry mill plant are estimated at RM 0.38 per litre with total ethanol production costs at RM 
0.76 per litre. Molasses, from either sugarcane or sugar beets, was found to be the most cost 
competitive feedstock beside the lignocellulosic biomass. Estimated ethanol production 
costs using molasses were approximately RM 0.92 per litre with a RM 0.66 per litre 
feedstock cost [39]. 
 Bioethanol 
yield 
(L/T) 
Feedstock 
Price per ton 
(RM) 
Price of 
Sulfuric 
Acid per 
ton 
(RM) 
Cost of 
Feedstock 
per litre of 
bioethanol
(RM) 
Cost of 
Production 
per litre 
(RM) 
Cost of 
bioethanol 
per litre 
(RM) 
 
Laboratory 
worked 
 
 
200 
 
 
250.00 
 
 
264.00 
 
 
1.25 
 
 
0.26 
 
 
1.51 
 
 
Scenario 1: 
Reducing in 
conversion 
yield 
 
-5% 
-10% 
-15% 
 
Remain 
Remain 
Remain 
 
Remain 
Remain 
Remain 
 
1.31 
1.39 
1.47 
 
0.27 
0.28 
0.29 
 
1.58 
(+4.6%) 
1.67 
(+10.6%) 
1.76 
(+16.6%) 
 
Scenario 2: 
Increase of 
feedstock cost 
 
 
Remain 
Remain 
Remain 
 
 
+5% 
+10% 
+15% 
 
 
Remain 
Remain 
Remain 
 
 
1.31 
1.38 
1.44 
 
 
Remain 
Remain 
Remain 
 
1.57 
(4.0%) 
1.64 
(+8.6%) 
1.70 
(+12.6%) 
 
Scenario 3: 
Increase of 
sulfuric acid 
cost 
 
 
Remain 
Remain 
Remain 
 
 
Remain 
Remain 
Remain 
 
 
+5% 
+10% 
+15% 
 
 
Remain 
Remain 
Remain 
 
 
0.27 
0.28 
0.29 
 
 
1.52 
(+0.6%) 
1.53 
(+1.3%) 
1.54 
(+2.0%) 
Table 3. Cost of bioethanol per litre with different scenario on cost of raw materials and conversion 
yield 
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8. Conclusion 
The studied lignocellulosic biomass has a higher bioethanol yield per tonne feedstock (L/t) 
than most of the commercialized bioethanol feedstock. However, improvement had to be 
made on the conversion efficiency to obtained higher ethanol yield to make it more 
comparable with the sugar containing and starchy material. The composition of substance 
that can be converted to glucose played a big influence on the ethanol yield per tonne 
feedstock. With the large amount of glucose convertible material and abundant 
availability, these lignocellulosic biomasses are potential feedstock for bioethanol 
production.  
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